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Summary
Objective: High definition macroradiography permits the advancement in the zone of calcified cartilage (described as a ZCC step) to be
detected in osteoarthritic (OA) hand joints of patients. The pattern of their incidence and distribution was determined and compared to the
joint space width (JSW) measurement.
Design: Macroradiographs, ×5 magnification, were obtained of the OA hands of 44 patients at baseline and at 18 months. The incidence of
ZCC steps, identified as an advancement in the mineralized cartilage front into articular cartilage, was assessed at each articular surface.
JSW was measured and was used to determine the difference in JSW between hands and groups of joints with and without ZCC steps at
both X-ray visits.
Results: ZCC steps were only found at the convex articular surfaces in 42 (48%) of hand joints in 28 (64%) patients. Here, ZCC steps were
present in 36 joints in the non-dominant hand compared to 30 joints in the dominant hand. In the former, they were present in 22 DIP, six
PIP and eight MCP joints and in 12 DIP, 8 PIP and 10 MCP joints in the dominant hand. By 18 months new ZCC steps had formed in 15
hands with and 17 hands without previous ZCC steps. At both X-ray visits no statistically significant difference in JSW was found between
the hands and joint groups with and without ZCC steps.
Conclusion: Although ZCC steps and JSW loss were greater at the PIP joints, supporting a mechanical hypothesis for ZCC formation, their
presence in joints, where JSW was larger, and their greater incidence in the non-dominant PIP joints, suggest that factors associated with
vascular changes, related to subchondral bone remodeling, are responsible. © 1999 OsteoArthritis Research Society International
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The radiographic features of osteoarthritis (OA) are well
characterized1 and have been used for diagnosis and in
clinical studies to classify the baseline status and to monitor
disease progression and response to treatment.2,3 The
shadow image of these features, recorded in radiographs,
corresponds to observed histo-pathological changes in the
joints’ tissues.4 One of the most important features is the
destruction and loss of articular cartilage, detected radio-
graphically as a narrowing of the interbone distance or joint
space. One of the features contributing to narrowing of this
space is an advancement in the zone of calcified cartilage
(ZCC), i.e., the increase in the mineralized cartilage front
into the body of the articular cartilage.5 This has been
observed histologically6–8 and from post-mortem examina-
tion of the shoulder and hip joints.9 The calcified cartilage
functions as an intermediate stiffness layer between the
articular cartilage and the subchondral bone.6,10–12 The
normal undulating structure of its interface with the over-
lying cartilage and the underlying subchondral bone trans-
forms shear stresses into tensile and compressive stresses
which cartilage is better able to deal with.13 Focal advance520in the ZCC thins the overlying hyaline cartilage5 compro-
mizing the normal proportionality between the two cartilage
components.14–16 Such an advancement can exert a pro-
found effect on focal increases in mechanical stress in the
overlying cartilage and could contribute to cartilage loss
in OA.17
The advancement in the ZCC has been detected in high-
definition macroradiographs of patients with hand OA.18–19
Since little is known of the distribution of this feature, it is
not clear whether it is present in all joints or limited to those
with marked joint space loss. Consequently, we undertook
a study using the enhanced spatial resolution of high
definition macroradiography18,20 to assess the incidence
and distribution of an advancement in the ZCC in patients
with hand OA. Minimum joint space width (JSW) was
measured at each joint to determine whether the advance-
ment of the ZCC contributed significantly to the loss of the
interbone distance. Differences in the distribution of this
feature between dominant and non-dominant extremities
was determined, to assess whether this feature was related
either to articular cartilage thickness or to bony growth
observed as subchondral sclerosis and osteophytosis.
The basis for this comparison was predicated upon our
observations in the same patient group, that joint space
narrowing was symmetrical between extremities but that
osteophytes and subchondral sclerosis were asymmetrical
and greater in the dominant hand.21,22
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PATIENTS
Ethical committee approval was obtained from Lewisham
and Southwark Health Authority. Forty-four patients (three
men and 41 women) with a mean (standard deviation)
age of 62 (10) range 50–85 years, and a mean (standard
deviation) disease duration of 11.6 (10) range 2–31 years,
were selected on the basis of clinical assessment and
the presence of joint space narrowing and osteophytosis
on conventional radiographs. All but two patients were
right handed. Stereo-pair high definition macroradio-
graphs18,20,23 were taken of both hands of each patient
at entry and then 18 months later, using a micro-
focal X-ray unit (X-Tek Systems, Hertfordshire, U.K.), focal
spot size ∼15 m, with a film to focus distance of 150 cm
and a film to object distance of 30 cm giving a radiographic
magnification of ×5. Hands were positioned in a stereotaxic
devise to ensure reproducible radio-anatomic positioning
both within and between patients.18,23,24 The X-ray beam
was centred on the 3rd MCP joint for radiography of the
metacarpophalangeal joints and at the base of the 3rd
middle phalanx for radiography of the IP joints. The images
were recorded using Trimax 8 screens and XDA film (3M’s,
U.K., Ltd), additional procedural details are published
18,23elsewhere.ASSESSMENT OF THE ADVANCMENT IN THE ZCC
The articular surfaces of each hand joint recorded in the
macroradiographs were examined under a large format
stereoscope in order to readily identify the anatomical
plane of the ZCC recorded in the radiographic image. An
advancement in the ZCC was identified as a stepped
increase in the subchondral mineralized front (Figs 1–3).
For purposes of description here, we have called this
feature a ‘ZCC step’. A count of the presence of this feature
at the articular surface of each joint was made. Radio-
graphic progression was determined from the change in
incidence at the 18-month visit.JOINT SPACE WIDTH MEASUREMENT
The macroradiographs were placed on a backlit digitizer
linked to a MOP Videoplan (Zeiss, Ltd). A cross-wire cursor
was used to measure the minimum joint space width
(JSW), i.e., at the narrowest interbone distance, in the
second to fifth distal and proximal interphalangeal (DIP;
PIP) and metacarpophalangeal (MCP) joints respectively.
The detailed description of the method of measurement
for this radiographic feature is reported elsewhere.24
The coefficient of variation for JSW measurement
reproducibility was 3.7%.24
The mean and standard deviation for minimum JSW was
calculated for each extremity and for joints with and without
a ZCC step. Mann-Whitney U test was used to determine
whether there was a difference in JSW between these two
groups. The significance level for all tests was set at
P=0.05.Fig. 1. Part of a macroradiograph of the metacarpophalangeal joints of a patient with osteoarthritis showing the advancement of the zone of
calcified cartilage at the convex articular surfaces, this is seen to extend progressively further in the articular cartilage (arrow heads) from the
3rd to the 5th joint. Original magnification ×5, reproduced at ×3.5.Results
At the baseline visit, 42 of all hands (48%), in 28 (64%) of
the patients, had a ZCC step. In all macroradiographs, ZCC
steps were detected on the central region of the convex
articular surfaces of the joints. They were present on the
middle of the proximal convex articular surfaces of MCP
(Figs 1 and 3) and at the proximal biconvex surfaces of the
PIP and DIP joints respectively (Figs 2 and 3). The obser-
vation was also made that where ZCC steps were present
in the MCP joints, the extent to which the mineralized front
had advanced into articular cartilage was greater at the 4th
and 5th than at the 2nd and 3rd MCP joints (Fig. 1). No
ZCC step was observed on the concave articular surfaces
of all joints.
In the 42 hands in which a ZCC step was observed, this
feature was found to be present in 36 joints in the non-
dominant compared to 30 in the dominant extremity. In the
former, ZCC steps were present in 22 of the DIP, six of the
PIP and eight of the MCP joints, whereas in the dominant
hand there were ZCC steps in 12 of the DIP, eight of the
PIP and 10 of the MCP joints respectively.
522 N. Patel and C. Buckland-Wright: Zone of calcified cartilage in hand OAFig. 2. Part of the macroradiographs of distal interphalangeal joints of a patient with osteoarthritis showing the advancement of the zone of
calcified cartilage at the convex articular surfaces (arrow heads) extending into the articular cartilage. Original magnification ×5, reproduced
at actual size.Fig. 3. Diagram illustrating the site at which the ZCC steps were present (arrow heads) on (A) the middle of the proximal convex articular
surface of the MCP joints and at (B) the proximal biconvex surfaces of the interphalangeal joints.At the 18 month visit the number of joints with a
ZCC step had increased. In the group with existing
ZCC steps, 15 hands had a total of 26 new ZCC steps.
These appeared in 13 of the DIP, two PIP and three
MCP joints in the non-dominant hand and in five of
the DIP, two PIP and one MCP joint(s) in the dominantextremity. In those patients with no ZCC steps at baseline,
17 hands had a total of 24 new ZCC steps by 18 months.
These appeared in 11 of the DIP and three PIP joints on
the non-dominant side and in eight of the DIP and two PIP
joints in the dominant hand. Although there was a
clear trend that ZCC steps appeared preferentially in the
Osteoarthritis and Cartilage Vol. 7 No. 6 523non-dominant hands, the results were not statistically
significant.
At the baseline visit, no statistically significant difference
in the mean total minimum JSW was found between the 42
hands with and the 46 hands without ZCC steps (mean and
standard deviation 12.9±5.3 mm:14.1±7.2 mm respect-
ively). Further, in the 42 hands with a ZCC step there
was no statistically significant difference in mean total
minimum JSW between the joints with and those
without ZCC steps (mean and standard deviation
4.12±1.62 mm:4.58±2.57 mm respectively). No statisti-
cally significant differences was detected between any of
these categories at the 18-month visit. As reported pre-
viously,12 mean and standard deviation total JSW
was significantly narrower in the DIP (3.48±1.25 mm)
P<0.006 than in the PIP (3.71±1.46 mm), which was
significantly narrower P<0.0001 than in the MCP joints
(5.17±2.99 mm).Discussion
Patients exhibiting a ZCC step in the joints of their hands
were a subset of those we examined with hand OA. Within
this subset of patients, approximately half the hands had a
ZCC step. They were recorded on the joint’s central convex
articular surfaces. Detection of such a feature at this
surface was easier than at concave surfaces, where the
latter’s shape made their detecting difficult. The appear-
ance of new ZCC steps by the 18-month visit, indicated that
they were association with disease progression, both in
patients with and without this feature in their joints at
baseline. The occurrence of a ZCC step did not appear
to contribute to a reduction in the interbone distance
measurement, since no statistically significant difference
was found in JSW measurement between hands and joints
with and without a ZCC step, either at baseline or at the
18-month visit.
Most ZCC steps were present in the PIP joints, in which
the JSW was significantly smaller than at other joints,
supporting a mechanical hypothesis for ZCC formation.8
Their presence at the central convex articular surfaces
might suggest a response to stress at this site due to
reduced cartilage thickness and to the increased articular
conformity present in OA joints.11 These observations
agree both with other studies, where features characteristic
of OA were prevalent at the DIP joints,25–27 and with
Radin’s observation 28 that in hand grasp action the DIP
joints can be stressed by a factor of 300% greater than at
the PIP and MCP joints, due to the proportionately smaller
contact area in the former.
These observations were not supported by the following
findings. ZCC steps present at MCP joints, where JSW was
thicker than at the distal joints,21 the greater number of
ZCC steps in the non-dominant than dominant hand, par-
ticularly at the DIP joints, and that ZCC steps at the 4th and
5th MCP joints extended further into articular cartilage than
at 2nd and 3rd MCP joints (Fig. 1) where the latter are
subject to greater loading associated with the tripod of
finger action required in precision grip.29–31 Therefore, the
pattern of ZCC advancement in the hand represents an
entirely different appearance from that which would sug-
gest either an association with articular cartilage thickness,
since joint space narrowing was observed to be symmetri-
cal between extremities,21 or with bony growth seen in the
of distribution of osteophytosis and subchondral scler-
osis.21,22 The latter were found to be greater in extent in thedominant extremity, their distribution corresponding with
the pattern of increased mechanical load across the
joint21,22 in normal hand function.
Other factors appear to determine an advancement in
the ZCC. These may include either a vascular invasion or
altered chondrocyte activity.7,8 It is commonly held that
vascular invasion of calcified cartilage is the critical com-
ponent in the progression of OA6,11,32,33 associated with
the remodeling of the calcified bed.34,35 Blood vessel
distribution between the subchondral region and the carti-
lage appears to be dependent upon compressive forces
acting on the cartilage36 and would account for the forma-
tion of the ZCC step at the central convex articular surfaces
of the joints (Figs 1–3). The remodeling changes that occur
in the calcified cartilage: vascular invasion of the calcified
region, renewed mineralization around the regions of new
vascular in-growth, thickening of the calcified cartilage,
leading to an advancement in the ZCC, are characteristic
of the OA process.6,14,32,37 The deeper extensions of
these vessels play a role in initiating mineralization of the
cartilage and advancement of the tidemark towards the
surface.6,38 This process appears to be greater in joints
with reduced loading,16 as seen by the greater incidence of
ZCC steps in the non-dominant PIP joints. Conversely, at
sites of enhanced mechanical stress, as in the joints of the
dominant hand, there appears to be a tendency for the
calcified cartilage to be thinner.39
Recently it has been suggested that the vascular inva-
sion may be a result of lipid associated intraosseous
venous thrombosis leading to focal bone ischemia followed
by repair.40,41 The presence of lipid and thrombi has been
demonstrated in steroid and alcohol associated ischemic
necrosis of bone and in patients suffering from OA.40 In
both thrombi were seen mainly in the small venous and
occasionally in the small arterial blood vessels, explaining
why, in both conditions, there is increased intraosseous
pressure.42–44 However, there was a relatively lower grade
of thrombic involvement in OA compared to ischemic
necrosis of bone.40 Further, it has been found that long
standing ambulatory hypertension in patients with deep
vein thrombosis and chronic venous insufficiency is associ-
ated with skeletal changes of the same nature as those
seen in OA.45,46 Observations which are supported by
experimental animal studies.40,41 Alternatively, factors such
as increased intraosseous pressure from increased articu-
lar plate compliance and/or altered capillary blood vessel
distribution, related to previous structural defects of dis-
ease, must be considered to contribute to the pattern of
necrosis in OA.47 Factors which are in keeping with the
histological findings of OA, viz. the increased remodeling of
the articular plate.48,49
In conclusion, the findings show that the ZCC step is a
radiographic features of the disease associated with but
related to joint space loss, which contributes insignificantly
to changes in the JSW measurement. The stimulus for the
advance in the mineralized front does not appear to come
from mechanical loading of the joint but more probably from
factors associated with vascular changes related to
subchondral bone remodelling. A number of questions
remain. Why were ZCC steps not found in all patients? Are
there patient subsets, those with and without this feature?
Is their presence an indication of a systemic factors such
as hyperlipidaemia? All these questions require further
patient-based studies to be carried out.
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